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introduction
Blood pressure (BP) in childhood is a predictor of hypertension in later life, increases the risk for cardiovascular morbidity and mortality, and is associated with overweight 1 . The latest figures estimate that between 42.5 and 51.8 million children and adolescents (0-19 years) in Latin America are overweight or obese, which represents 20 to 25% of this population. The prevalence of overweight in children of school age (5-11 years) ranged from 18.9 to 36.9% and it is estimated that 22.2 to 25.9 millions these children are overweight or obese 2 . Data from the of the Brazilian Institute of Geography and Statistics indicate that 1/3 of Brazilian children between 5 and 9 years old were diagnosed with overweight 3 . At the same time, high BP in childhood has increased with the epidemic of childhood obesity 4 reaching a prevalence of almost 5% of children and adolescents 5 . Taking into account the relation between overweight and BP disorders, some studies have been investigating the association between a variety of anthropometric parameters and BP levels. These studies aim to identify a more suitable predictor for high BP in childhood and/or adolescence [6] [7] [8] [9] . Association between SBP and/or DBP and the waist-to-height ratio was observed among a sample of 3 to 4 years old children 6 . In another study, SBP and/or DBP were found to be associated with body mass index (BMI) and waist circumference (WC) among 3 to 6 years old children 8 . In works that included in the study sample 7 to 10 years old children, association between the pressure levels and WC 7, 9 , BMI and waist-tohip ratio 7 as well as triceps and subscapular skinfolds 9 were found. It is known that, in addition to excess weight, increased WC is a risk factor for metabolic complications in adulthood. In children, WC was referenced be a good marker to investigate metabolic disorders, including hypertension in different age groups [10] [11] [12] [13] , however, the evidence of the WC as predictor for BP disorder among children is still limited. In this context, studies investigating the relationship of overweight/obesity and excessive abdominal fat with elevated BP in children, as performed by Choy et al. 4 , Colín-Ramírez et al. 1 , Flores-Huerta et al. 14 , are necessary, given its screening of potential hypertension, preventive health, and because it is an investigation still insufficiently explored and reported in children.
Our study evaluated the prevalence of excess weight and variations in BP measurements in children aged between 8 and 10, who attend public and private schools in a Brazilian city. In order to identify the best anthropometric predictor of the hypertension risk in childhood, this work also evaluates the association of BP levels with the following anthropometric variables: BMI, WC and percentage of total body fat (PBF).
methods and materials sample
The study was conducted with children aged 8 to 10 years old enrolled in four public schools and three private schools of the city of Governador Valadares, Minas Gerais, Brazil, from May to August 2015. The sample size was calculated for prevalence studies, considering the prevalence of both obesity and hypertension in childhood from estimated data on epidemiological study conducted with a population of Brazilian children 3, 15 . It was stipulated 95% confidence, 4% estimation error and a design effect of 1.2, since sampling was conducted in a double stage (first we randomly selected a school and then a class). The minimum sample size of 347 participants has been found and 10% was add to this number in order to offset any losses that may occur during data collection, resulting in a total of 381 children.
To ensure the representativeness of the sample, we used the stratified proportional sampling technique selecting proportionally children according to the proportion of enrollments in Governador Valadares city (68% of public schools and 32% of private schools). Uniform sampling was performed by age group, selecting the same number of children aged 8, 9 and 10 years. To respect the uniform distribution by age and proportion by type of schools, it was decided that it would be necessary to select at least 127 children in each age group, with 102 public schools and 25 private schools. A pilot study involving 60 children was conducted aiming to test instruments and evaluation procedures.
ethical concerns
The study protocol was approved by the ethics committee from Federal University of Juiz de Fora. Furthermore, written informed consent was obtained from parents or legal guardians, and the child's interest in participating in the study was asked before the measures. The study was conducted in accordance with the guidelines of the Declaration of Helsinki.
The following inclusion criteria was used: absence of chronic disease or inadequate conditions for anthropometry, such as the use of prosthesis, orthopedic cast, physical or neurological disability.
socioeconomic assessment
For socioeconomic assessment was sent to the participant's home a questionnaire to be completed by parents of participating children, in which they informed the monthly family income and the mother's educational level.
Subjective options for family income assessment were presented. Subjects family income was grouped into three categories: 1 -up to three Brazilian minimum wage (MW), 2-between three and five minimum wages, 3-greater than five minimum wages. Subjects mothers education was grouped into 3 categories: 1-never studied, incomplete or complete elementary education, 2-incomplete or complete secondary education, 3-incomplete or complete undergraduate or postgraduate education.
anthropometric, Body Composition and Blood Pressure evaluation
The sex and birth date of the evaluated children were previously obtained from the school records.
The evaluations were carried out at the school on a previously scheduled day during school hours and after a minimum rest period of 5 minutes before evaluation. During the rest, were collected personal data and evaluated by the researcher the skin color (black, white, brown, yellow, indigenous).
For the anthropometric evaluations, measurements of weight, height and WC were taken. Tanita BC 558 ® (Tanita Corporation of America, Arlington Heights, IL, USA) was used for weight measurement with 0.1 kg precision and height was measured with a portable Stadiometer Alturexata® with scale in millimeters. The measurements were taken with the child wearing light clothes, barefoot, positioned upright and erect, and with arms outstretched along the body. BMI was calculated by dividing weight by height squared (kg/m²). We calculated the Z-score of BMI (EZBMI) and height (EZH), according to sex and age, using the World Health Organization's international standard of child and adolescents growth 16 , by Anthroplus software. Children were considered overweight with BMI for age >score z +1 and ≤ score z +2; obese >score z +2. Low stature was considered score z < -2. WC was measured to the level of the midpoint between lower margin of the last palpable rib and top of the iliac crest, using a non-elastic anthropometric measuring tape with an accuracy of 1 mm. It was used the reference proposed by Taylor et al. 17 , by using the 80th percentile for the excess abdominal fat classification.
The PBF was obtained by Tanita®, Ironman model, four-pole. The children were kept upright, with minimum clothing. They informed data of sex and birth date. It was considered excess body fat values of 30% and 25% for girls and boys, respectively.
For the BP evaluation we followed the proposal of the National High Blood Pressure Education Program 18 . BP was measured using an aneroid sphygmomanometer, and selected the appropriate cuff for arm circumference. BP was measured in the right arm, with the child sitting and quiet, after a rest of at least 5 minutes, it was performed two measurements of at least one minute of difference between each measure to prevent venous congestion and maintain variability PA to a minimum. Thus, prehypertension and hypertension was defined as systolic blood pressure (SBP) and diastolic blood pressure (DBP) were greater than or equal to 90 and 95 percentiles for age, sex and height, respectively.
statistical analysis
Descriptive analyzes were performed of socioeconomic, anthropometric, body composition and BP variables.
Categorical variables PBF, WC, EZBMI and BP were individually associated with income and education, using the chi-square test. The normality of the data was verified using the Kolmogorov-Smirnov test.
Pearson correlation analyzes were conducted to verify the intensity and direction of the relationship between the values of SBP and DBP, and anthropometric variables and body composition (EZBMI, WC, and PBF). Partial correlation was made between the SBP and DBP and waist circumference, controlling the effect of stature, not to be a bias.
To investigate which variable showed greater predictive value of high blood pressure, was conducted a multinomial logistic regression analysis. This analysis was conducted considering as de-pendent variable the presence of prehypertension and hypertension, separated into three groups: hypertension, prehypertension and normotensive, considering the latter as a reference for comparison with the other groups. The independent variables were EZBMI, WC, and PBF.
In order to investigate which variable would be more predictive of BP changes, the groups of hypertensive and pre-hypertensive children were separated and an analysis of binary logistic regression was conducted. This regression was performed using the conditional method, remaining in the model only those variables that remained significant. The independent variables included in the model were EZBMI, WC and PBF.
results
The study was carried out in four public schools and three private schools. Initially 455 children from public schools and 141 from private schools were invited. However, 142 children were not included in the study because they did not have parental consent, three because they had neurological deficits and six children were not interested in participating. The final sample was 445 children, of which 313 (70.3%) were children from public schools and 132 (29.7%) from private.
Overall, the prevalence of overweight and obesity (including severe obesity) defined by the EZBMI was 21.3% and 14.6%, respectively. As for the estimation of PBF, 24% of children had excess body fat. The WC was considered increased in 17.9% of the students. The low height and thinness showed low prevalence (0.2% and 1.3%, respectively).
The average SBP was 94.2 mmHg (SD = 6.42 mmHg) and DBP was 57.6 mmHg (SD= 5.94 mmHg). SBP and / or increased DBP was observed in 3.4% and 2.2% of children given the pre-hypertension and hypertension rankings, respectively.
Of the total sample, 242 (54.4%) were brown, 139 (31.2%) white, 61 black (13.7%) and 3 (0.7%) did not inform skin color. The prevalence of hypertension was 3,3% in brown children, 1,6% in black children and 0,7% in white children. The occurrence of pré-hypertesion was 3,7% in the brown children, 3,6% in the white children and 16% in the black children, No significance differences were found in the prevalence of hypertension in black, brown or white children (p = 0,480).
Of the total number of children evaluated in schools, 221 parents or guardians, (49.6%) filled the socioeconomic questionnaire. Among the mothers who answered the questionnaire 36.6% have never attended school or, at most, have completed primary education; 45,7% have attended or completed high school level. The family income data showed that 76% of respondents received a value lower than 3 MW, 12,2% received from 3 to 5 MW and 11,8 received more than 5 MW. Of the total number of children who presented BP variation 63.6% had a monthly income of less than 3 MW. There was no significant association between BP and income (p = 0,347) or education (p = 208).
The mean SBP and DBP were significantly correlated with EZBMI, WC and PBF. The values found in correlation analysis are shown in Table  1 . Considering the possible influence of height in WC it was performed a partial correlation between WC and BP by controlling the effect of height, which revealed that the correlations remained significant between WC and SBP (r = 0.189, p < 0.001) and WC and DBP (r = 0.221, p < 0.001). A significant correlation was found, using the chi-square test, between hypertension (yes vs. no) and WC (p < 0.001).
The multinomial logistic regression analysis revealed that, considering jointly the effect of EZBMI, WC, and PBF, the variable with the predictive power of the occurrence of hypertension was the WC, and every centimeter over WC, elevated in 1.22 times the chance of the child being hypertensive ( Table 2) .
The variable that remained significant in binary regression model was WC, indicating that this variable was the most predictive of the occurrence of BP disturbances (Table 3) .
Discussion
The high prevalence of overweight and obesity in children is observed in several studies 10, [19] [20] [21] [22] [23] . A survey from 2008 to 2009 by the Brazilian Institute of Geography and Statistics showed that the prevalence of overweight among Brazilian children aged 5-9 years increased from about 13.4% in 1989 to 33.4% in 2008. For the same period, obesity increased from 3.2% to 14.2%, reaching a prevalence of 13.6% and 12.2% in children aged 8 and 9 years old, respectively 3 . These results are close to the one found in this study (14.6% of obese children). The results of the present study also match others national studies of school population, public and private school networks, which found prevalence of obesity of 12.4% 24 and 13.7% 25 . This scenario indicates concern as some evidence correlate childhood obesity with metabolic and cardiometabolic risk factors in adulthood 26 , or as early as possible, even during childhood 27, 28 , are a key determinant of BP in children and adolescents 29 .
The WC is considered a central adiposity marker 30 being also recommended as an indicator of total body fat 31 . In a study with 680 children aged 7 to 11 years from a public school, Mazaro et al. 32 reported increased WC values (15.4%), number similar to the one found in the present work (17.9%). Melzer et al. 33 verified by WC measurement that, in their home-based study with 357 families of children aged 3 to 10, 30.5% of the children had abdominal fat accumulation and that it was associated with the nutritional status of the child. Increased abdominal fat was also observed in 13.4% of 1408 children aged 5-10 who were enrolled in public school 34 and in 9.3% of the 1253 students aged 7 to 17 from public and private schools 25 . More recently, studies have been trying to determine, between anthropometric parameters, which is the best marker of metabolic abnormalities [26] [27] [28] 35 . Damasceno et al. 36 affirmed that there are indications of a significant association between the classification of children for EZBMI and WC, the correlation coefficient between the two measures is considered strong.
In the case of BP disturbances, several studies have investigated associations between anthropometric variables with BP in children in different age groups, and found increased risk of BP increase with increasing EZBMI 5, 15, 19, 28, 29, 37 and WC 1, 4, 10, 19, 38 . The identification of the best anthropometric marker of increased BP in children becomes feasible as routine in clinical practice, whereas BP measurement in children is not part of a universal standard protocol as well as the considerable prevalence of hypertension among children with great variation depending on the degree of adiposity, age and ethnicity 6, 17, 19, 29 . This study found a prevalence of 3.4% and 2.2% of pre-hypertension and hypertension, re- spectively. These values are smaller than the values of 8.85% and 5.18% found by Reuter et al. 24 in a study with 1950 Brazilian children and adolescents aged 7-18 years. In this study, it was observed that both SBP and DBP correlated with BMI, WC and PBF. Notably, the variable WC was better correlated with increased blood pressure, being observed an increase of 1.22 times the chance of the child becoming hypertensive every centimeter increased in WC. Thus, an increase by five centimeters, for example, would present an increased chance for the child to become hypertensive of 6.1 times. Flores-Huerta et al.
14 observed in 2029 Mexican children and adolescents that the prevalence and the likelihood of high blood pressure were higher in those with increased WC compared to high BMI. The positive association between WC and BP was also confirmed in other studies with children or adolescents. Mazaro et al. 32 found increased BP values in 10.9% of the sample. They also observed association between elevated BP and increased WC. Souza et al. 25 found high BP in 7.7% of the sample and a significant association of obesity, according to BMI and WC, with elevated BP. Burgos et al. 7 found that WC correlated positively with BMI and BP.
Pooled data analysis of eight major epidemiological studies involving more than 47,000 children, found that regardless of race, gender and age, the risk of increased BP was significantly higher for those in the BMI top percentile compared with lower BMI percentile 5 . Although studies indicate a strong association between abdominal fat accumulation and overweight by BMI for age 33 , in this study the WC and EZBMI did not show the same association with the BP. The influence of WC in BP remained significant regardless of BMI. These results are consistent with previous studies in various populations who also noted that the WC was more sensitive to indicate risk of increased BP when compared to BMI 1, 4, 14 . It was suggested that one of the reasons that the WC identifies a greater number of children with elevated BP is better because it estimates the intra-abdominal fat, while BMI mainly estimates the total and subcutaneous fat 14 .
Evaluating Chinese children and adolescents 7-17 years of age, participants of the "National Surveys on Chinese Students' Constitution and Health", and analyzing those with normal BMI, it was found that Z-scores of SBP, DBP and the prevalence of high BP for boys and girls were significantly higher in the presence of abdominal obesity, defined by increased WC 29 . In fact, studies suggest that abdominal obesity should be considered a determining factor in the increase in BP and a major factor contributing to the increased prevalence of hypertension in children and adolescents 40 . The WC is associated with cardiovascular risk factors 39 and it is a predictor of hypertension risk in children and adolescents 38 . These results indicate that children with normal weight, but with abdominal obesity should be screened for risk of high BP because alone, BMI may not provide sufficient sensitivity to identify risk of hypertension. Thus, the measurement of WC should be seen as an additional tool for analysis of BMI to help identify high BP among children. Kavey et al. 5 point out that, since hypertension is an asymptomatic condition, the BP measurement should be routine for all health care for children starting from three years old.
Other factors not investigated in this study can be correlated to high BP in children. The higher sodium intake is correlated with increased SBP in Brazilian children aged 3-4 years 6 and the high consumption of processed and ultra-processed foods justify this excessive sodium consumption as well as energy suggesting risk development of obesity and associated diseases 40, 41 . Whereas childhood obesity and involved co-morbidities, including high BP are the main health concerns worldwide 42 and which often persists in future ages and causes serious consequences to health, more specifically to cardiovascular health, populational screening studies should be encouraged through the use of measuring WC, which features low cost, practicality and is easy to perform. This study suggests that in addition to BMI, is included to measure the WC and hypertension risk analysis in children. In addition, health promotion measures are necessary to encourage healthy eating and regular physical activity.
Limitations of this study include BP levels being obtained by a single visit. In addition, some potential factors of BP elevation, such as sodium intake, a positive family history and investigation of the presence of genotypic variation were not included. These factors will be considered in future studies. Our sample of children is representative of the children of eight to ten years, of both public and private schools of the Governador Valadares city, therefore not being representative of the Brazilian population.
The comparison of the results presented with other studies should be performed with caution as different references were used for WC analysis in populations of different ethnicities. Consider-ing the predictive value WC in increased BP risk assessment in children as well as the feasibility of its use, there is need for an international definition of abdominal obesity in children in order to standardize the assessment studies. According to Monzani et al. 43 , the cut-off point should be set according to the cardiometabolic risk to be used to identify children at high risk of cardiometabolic complications providing specific and immediate health interventions.
Conclusion
The results indicate that within the studied population of children between 8 and 10 years old, WC is a measurement of higher value in predicting increased BP. It can be considered that the results presented in this study may contribute to future decisions regarding the use of the measure of WC as a marker of increased BP levels, thus indicating individuals with higher risk and in need of a proper assessment of BP levels.
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